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Abstract 
The research results, which showed that it is advisable to process the specific types of ores 
considering the features of the technological process conducting and automatic control at 
concentrating plants, are presented. 
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At present in Ukraine, the base iron ore, as 
well as a significant part of the high grade ores are 
subjected to beneficiation due to the decrease in 
their mineral content. The ore preparation involves 
the ore grinding prior to the disseminated minerals 
disclosure before beneficiation. The large amount 
of electricity (about 50% of all costs) and materials 
is consumed for grinding in Ukraine. This 
increases the concentrate cost and, as a 
consequence, the cost of the metal that is becoming 
uncompetitive on the world market. Therefore, this 
problem permanently is a component of the most 
important scientific and practical problems of the 
country. There were performed a lot of research 
and publications about these issues, but the 
strategic direction of problem solution was not 
identified. Since 1970s ore averaging during the 

processing was used, much later the selectively 
processing of the specific ore types of the 
particular concentrating plants was started. In [1] it 
is noted that the ore processing is carried out in the 
averaging mode, or in the accordance with the 
specific ore types. However, a research report [2] 
states that the ore averaging systems were not 
found wide spread. Despite the revolutionary 
publication [3], basically the attempts of the ore 
averaging during processing are continuing. 
Therefore the problem of proving the advisability 
of separate ores processing, including the issues of 
automatic process control is relevant, which is the 
purpose of the present paper. 

By the supervision of the drum mills work 
on a magnetic concentrating plant it is determined 
that the manual regulation of the ore loading to the 
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technological aggregate, its actual efficiency is 
about 60 ... 65% of the maximum possible [4], and 
this is due to specific reasons. The operation of 
these automated mills for a long time is provided 
the increased productivity by 20 - 30% in 
comparison with manual control [4]. Thus, in 
solving the problem of the separate ore processing 
it is necessary to focus on the automated operation 
of process equipment. The greatest efficiency of 
the ball mill is possible to get by maintaining the 
optimal ball loading and balls particle size 
characteristic, providing technological unit optimal 
ore loading and maintaining the pulp thinning at a 
required level in it. The solution of these problems 
is also complex and the optimal answers are not 
found yet. The mill balls composition is not known 
exactly, as well their additional loading instead of 
worn ones is carried out once a day by the grinding 
bodies of the maximum size - typically 100 mm. 
Such balls composition is not optimum. Decrease 
of the ball loading during the day reduces the 
performance of the mill during this time by about 
1,7%.  

Work [5] shows that it is possible to select 
the required balls composition and their number, 
which will not change in time. At the same time 
ball load particle size characteristic may be 
smoothly varied. For each ore type it is possible to 
choose the best ball load and optimal pulp thinning 
and the dependence of pulp thinning change on the 
crushed ore average particle size by the 
experiments in the production conditions. Then it 
becomes known as the pulp thinning indicator in 
this ore type as well its law of change due to the 
fluctuations of the initial ore particle size. Today 
this indicator is unknown, intuitively installed and 
approximately maintained by the operator, which 
leads to significant losses. Thus, the separate 
sections of concentrating plant is possible to 
customize for processing of specific ore types. 
Thus, during processing specific ore types it is 
relatively easy to maintain the desired amount and 
composition of the ball load, which will be optimal 
for a given material, as well as to establish the 
optimum tasks to the ore / water ratio and laws of 
its change from the solid particle size. The 
automatic control systems for the mills pulp 
thinning have already been created [6, 7, 8]. They 
are based on the developed scanning tools, for the 
opened surface streams [9], on the improved 
conveyor scales [10] and on the hydrostatic 
transducer [11, 12, 13]. For realization of the 
developed systems it is necessary to identify the 
ratio of solid/liquid КТ/G in the ball mills. For the 
ball mill, which processes the original ore with the 

classifier sand the following dependence is 
obtained [14] 

( )
( )[ ]VGVPnBGMVM

PVGVP
G/T QQAKQQ

QQQAK
−++

+−
= , (1) 

where ( )[ ]BPnP KA δδ+δ= 1  - is the 
constant for a particular technological situation; δВ, 
δР –is the density of water and ore, respectively; Кn 
–is the classifier sands humidity; QP, QVM, QBGM – 
are the mass flow rates of the ore, mill water, the 
water to the classifier sand chute, respectively; 
QVP, QVG –are the volumetric flow rates of pulp 
and water in the classifier sand chute, respectively. 
For the ball mill, which processes the double-
stranded classifier sands the dependence of the 
following form [15] is obtained 

( )
( )HCPB

CBHP
G/T PgH

gHPK
−δδ

δ−δ
= ,             (2) 

where РН – is the overpressure at the bottom 
portion of the receiving device of the cochlear 
feeder; НС – is the pulp level; g – is the free fall 
acceleration. 

As is seen from (1) and (2) for the 
identifying of the mill pulp thinning it is also better 
to work with a specific ore, where its density δР is 
known. Otherwise, the system becomes 
complicated or the accuracy of its operation 
decreases. 

The mill ore loading is advisable to 
measure by the energy of the lumpy material 
destruction [2]. In [16] the mathematical model of 
a ball mill ore loading is obtained. It has the 
following form 
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where VP – is the crushed ore amount, by which 
one may evaluate the technological aggregate 
loading; Е – is the Young's modulus of the 
deformable transducers material; lT, RT, kT – are the 
base, the resistance and the coefficient of strain-
gauge-sensitivity of the secondary transducer, 
respectively; ΔR1, ΔR2 – are the resistance 
increment of the main and auxiliary transducers, 
respectively; lo – is the initial length of primary 
transducers; S1, S2 – are the cross-sectional areas of 
the primary transducers, respectively; k – is the 
proportionality coefficient which depends on the 
strength (type) of ore; k1 – is the constant, which 
characterizes the relationship between the total 
volume and the volume of the deformable piece of 
ore; k2 – is the coefficient, which determines the 
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amount of the primary transducer length occupied 
by the secondary transducer. 

Using (3) it is possible to construct the 
graphs shown in Figure 1. 

 
Figure1. The dependence of a certain amount of coarse 
ore particles at the face of the primary transducer on its 
actual value in the case: 1 – is the meter setting to the 
specific ore type; 2, 3, 4 – are the transducer settings on 
the medium strength ore  
 

From these, it follows that the best 
identification results may be obtained in the case of 
processing a specific ore type. Using (3), it is 
advisable to build an adaptive control system of 
ball mill loading based on the Rittinger crushing 
law [17]. The control algorithm includes the ore 
density, and the indicator characterizing its 
grindability. It also underlines the usefulness of the 
separate processing of the ore specific types at the 
processing plant.The possibility to process the ores 
specific types is currently possible due to the 
works [18-22], performed at Kryvyi Rih National 
University. 

Conclusions 
The research results show that, it is 

advisable to process the specific types of ores 
considering the features of the technological 
process conducting and automatic control at 
concentrating plants. This will allow to 
significantly reduce the cost of the concentrate. 
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